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HIGHLIGHTS

General

.1
In 1983-84, there were about 470 operational pro-
grams in emerging engineering areas (i.e., comput-
ers, materials, microelectronics, robotics, manufac-
turing, and biotechnology), averaging nearly four
programs per institution.

The most numerous were programs in computers,
followed by microelectronics, and materials. The
least numerous were programs in biotechnology,
followed by manufacturing.

These programs employed over 4,060 faculty, aver-
aging nearly nine faculty per program. Compared to
total faculty in engineering programs, the faculty in
emerging programs were somewhat junior in rank
although nearly one-half were full professors. One-
fifth of the total faculty had non-U.S. bachelor's
degrees. There were more foreign-trained faculty
among the junior than senior ranks.

Programs enrolled about 7,500 doctoral students,
averaging just over 16 students per program. Nearly
one-half were non-U.S. citizens.

Seventy percent of the programs were in public
institutions. Public and private programs employed
relatively similar numbers of faculty, but private
programs enrolled more doctoral students than did
public programs.

About one-half of the programs were located in the
50 institutions ranking highest in doctoral produc-
tion as well as in the top 50 in terms of research
expenditures. Programs in these institutions tended
to have larger numbers of faculty and doctoral stu-
dents than did programs in other institutions.

Although three-quarters of the programs in emerg-
ing engineering areas engaged in faculty recruit-
ment activities during 1983-84, over one-half re-
ported faculty shortages.

Nearly 30 percent of the programs reported that
non-U.S. citizens comprised over one-half of their
faculty applicant pool. The most 'mportant source
of qualified applicants for faculty positions was the
pool of new doctorates from U.S. institutions.

Program Highlights

Biotechnology: 58 programs, averaging seven fac-
ulty and 12 doctoral students, with private pro-
grams having more doctoral students than public
programs. Three-fifths of programs report faculty
shortages. Lowest proportion of non-U.S. citizens
among faculty, faculty applicant pool, and students.

Computers: The most numerous with 96 programs.
averaging 12 faculty and 20 doctoral students. Pri-
vate programs larger than public programs. Heavy
faculty recruiting in 1983-84; the least likely to
report shortages with only 32 percent indicating
unfilled faculty positions. Compared to other pro-
grams, more non-U.S. citizens among faculty, fac-
ulty applicant pool, and students.

Manafacturing: 59 programs, averaging eight fac-
ulty and eight doctoral students. Fewer than half
report faculty shortages. Relatively large concentra-
tion of non-U.S. citizens among faculty, faculty ap-
plicant pool, and students. Nearly three-fifths of
doctoral students are non-U.S. citizens.

Materials: 86 programs, averaging 11 faculty and 28
doctoral students. More likely than others to be
housed in private institutions. Programs in private
institutions and in the top 50 institutions by re-
search expenditures much larger than programs in
other institutions. Heaviest concentration of full
professors among faculty (62 percent). Heavy fac-
ulty shortages with 80 percent of programs report-
ing unfilled faculty positions. Relatively few non-
U.S. citizens among faculty, faculty applicant pool,
and doctoral students.

Microelectronics: 86 programs, averaging eight fac-
ulty and 15 doctoral students. Private programs
larger than public programs. Over one-half of the
doctoral students are non-U.S. citizens. Heavy fac-
ulty recruitment in 1983-84, but over two-fifths
still report faculty shortages.

Robotics: 64 programs, averaging five faculty and
seven doctoral students. Somewhat more likely to
be housed in public institutions than other pro-
grams. Over one-half report faculty shortages.

ix 12



BACKGROUND

The importance of engineering in the development
of technology is widely acknowledged. Recognizing
that much oi the nation's economic, technological,
and industrial leadership hinges on the innovations
and technologies provided by the engineering profes-
sion, the National Science Foundation has been de-
voting special attention to engineering education. The
availability of qualified faculty, the scope and number
of engineering programs, and the production of docto-
rates are among the subjects that nave been studied.

Colleges of engineering have been establishing new
programs in a number of emerging areas that have
applications in production and manufacturing. Al-
though previous surveys have documented some
shortages of faculty in major engineering fields, infor-
mation on emerging areas has not been available. A
primary purpose of this survey is to provide reliable
baseline data on faculty, programs, and students in
selected and rapidly developing engineering spe-
cialties. These include, for purposes of this study:
computers, materiais, microelectronics, robotics,
manufacturing, and biotechnology programs.

The term "program ' was defined as "an organized
instructional activity leading to the Ph.D., Sc.D., or
equivalent degree." The programs could be adminis-
tered either separately or as areas of concentration
within established departments in engineering
schools.

The study population was defined as all institu-
tions of higher education that granted at least one
doctorate in engineering in 1981-82 and offered doc-
toral programs in emerging areas. Of 142 institutions
that granted doctorates, 19 reported no activity in any
of the emerging areas, reducing the stuffy population
to 123. The national estimates presented in this report
are derived from responses obtained from 96 institu-
tions (78 percent response rate). Respondents in-
cluded deans of engineering schools who completed
the first section of the survey questionnaire, provid-
ing data on the number and type of emerging pro-
grams, and program heads who provided detailed
information on faculty and students. A copy of the

1

survey questionnaire is presented in Appendix A. A
description of the survey procedures, including sam-
pling and weighting, is found in Appendix B (Meth-
ods Summary) and Appendix C (Technical Notes).

The survey was designed to provide information on
the availability of qualified faculty, including the sup-
ply of doctoral students, in emerging engineering
areas. Institutions were asked to report the total
number of faculty recruitments in progress and com-
pleted during the 1983-84 academic year and to indi-
cate the sources of qualified applicants and their cit-
izenship.

The report presents national estimates for the pro-
grams, faculty, and doctoral students. It presents in-
formation on organization and location of these pro-
grams. Whenever relevant, comparisons are made
between programs located in public institutions and
those in private institutions. Information is also pre-
sented for programs in the top 50 institutions that
granted the largest number of doctoral degrees in
engineering in 1981-82 as well as the top 50 ranked
highest in terms of research expenditures in that year.
(Twenty-five institutions of higher education appear
on both lists. See detailed tables 1 and 2 presented
after the text for lists of top 50 institutions.)

Readers are reminded that the national estimates
presented in this report may underestimate the
number of programs, faculty, and doctoral students
involved in emerging engineering areas.The survey
population consisted only of programs located in en-
gineering departments. The report does not contain
information on programs administered by other de-
partments or schools, such as, computer programs in
computer science departments and biotechnology
programs in schools of medicine. Moreover, informa-
tion was requested only for those full-time, regular
faculty employed by the institution who were in-
volved in the emerging programs in one capacity or
another. Some programs may hire large numbers of
adjunct facultysuch as personnel from industry in
manufacturing or materials programswho are not
accounted for in this report.

13



FINDINGS

Program Organization and Location
In 1983-84, the doctorate-granting colleges of engi-

neering had about 470 operational programs in
emerging areas, averaging nearly four programs per
institution. They also had about 30 authorized but
non-operational programs (see detailed table 2).

Public institutions administered 70 percent of the
operational programs (see table A). The 50 institu-
tions that granted the largest number of doctoral de-
grees in engineering had about half of the programs,
as did the 50 institutions with the largest research
expenditures.

in the departmental distribution of specific programs.
Biotechnology programs are most likely to be admin-
istered by departments of chemical engineering, fol-
lowed by departments of bioengineering/biomedical
engineering, and electrical engineering. Programs in
computers are usually located in departments of elec-
trical engineering or computer engineeringicomputer
science. Materials programs tend to be housed in de-
partments of mechanical engineering, chemical engi-
neering, and materials science and engineering, in-
cluding metallurgy. Programs in manufacturing are
usually found in departments of mechanical systems

TABLE APercentage Distribution of Programs in Emerging Areas in Engineering, by Control and Top 50 Status of
Institutions

Program Area (N)

Control
Top 50 by

Degrees Conferred
Top 50 by

Research Expenditures

Public Private Top 50 Other Top 50 Other

Total (467) 70 30 48 52 51 49

Biotechnology (58) 72 28 48 52 51 49

Computers (96) 69 31 48 52 48 52

Manufacturing (59) 78 22 53 47 56 44

Materials (86) 64 36 46 54 50 50

Microelectronics (86) 69 31 46 54 48 52

Robotics (64) 75 25 50 50 56 44

Other (19) 68 32 37 63 47 53

Reference: Detailed tables 2 and 3

Computer programs were the most numerous of all
the programs in emerging areas, comprising 21 per-
cent of all the programs, followed by microelectronics
(18 percent) and materials (18 percent); biotechnolo-
gy was one of the least numerous, comprising only 12
,ercent of the prograr.,s (see figure 1 and table B).
Nineteen miscellaneous programs were categorized
as "other" and include programs in laser holography,
hydrology/hydraulics, transportation, construction
management, hazardous wastes, ocean engineering,
and industrial and management systems.

Sixty-three percent of the institutions responding
to the survey reported that they had doctoral pro-
grams in at least three of the emerging engineering
areas; 22 percent had programs in all six areas. A list
of institutions offering doctoral programs in emerging
engineering areas appears in detailed table 4.

Programs in emerging engineering areas are often
administered by different departments at different
institutions. There are some general trends, however,

2

TABLE BPercentage Distribution of Programs in
Emerging Areas in Engineering, by Control of Institution

Program Area
Total

(N=467)
Public

(N =329)
Private

(N =137)

Total programs 100 100 100

Biotechnology 12 13 11
Computers 21 20 22
Manufacturing 12 14 9
Materials 18 17 23
Microelectronics 18 18 20
Robotics 14 15 12
Other 4 4 4

Note: Percentages may not sum to 100 because of rounding.
Reference: Detailed table 2.

or industrial engineering. Finally, programs in micro-
electronics tend to be administered by departments of
electrical engineering, and robotics programs by de-
partments of electrical, mechanical, industrial, or
aeronautical engineering.

14
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Respondents were asked to indicate other depart-
ments or units outside the engineering college that
cooperate with the emerging programs. Biotechnolo-
gy programs were the mosklikely to have cooperative
arrangements with departmInts and units outside the
engineering college. They reported 17 such coopera-
tive efforts, eight of which were in schools of medi-
cine. Engineering departments with computers pro-
grams were also likely to have cooperative arrange-
ments with other computer science departments.
Robotics programs were the least likely to have coop-
erative arrangements. Only two were reported: one
with a computer science department, another with a
psychology department. Most often, departments co-
operating with engineering programs in emerging
areas were in the natural sciences (chemistry, physics,
mathematics, medicine) or business.

Within the six areas, institutions were asked to
identify specific program specialties. Computer pro-
grams generally reported specializing in software de-
sign, artificial intelligence, and computer architec-
ture. The specialties cited by materials programs
included polymers, metals, and electronic materials.
Microelectronics programs focused on artificial intel-
ligence and integrated circuit fabrication. Manufac-
turing and robotics concentrated on computer-as-

3

sisted design/computer-assisted manufacturing
(CAD/CAM). Robotics also included artificial intelli-
gence and kinematics. Biotechnology programs cited
biomedical engineering and biomaterials as program
specialties.

The information on program specialties within the
emerging engineering areas suggests that the six areas
are not mutually exclusive and that there is consider-
able overlap. For example, artificial intelligence was
cited as an area of specialization in computers as well
as in microelectronics and robotics programs.

Faculty Composition
About 4,060 faculty were employed in some 470

programs in emerging engineering areas, averaging
nearly nine faculty per program (see tables C and D).
Not surprisingly, the larger program areas had most of
the faculty. For instance, computers which accounted
for 21 percent of the programs, claimed 27 percent of
the faculty, averaging 12 faculty per program. In con-
trast, robotics, which accounted for 14 percent of the
programs, had eight percent of the faculty, averaging
only five faculty per program. Computers and mate-
rials programs had more faculty than others, while
robotics and biotechnology had fewer.



In general there was no difference in the average
number of faculty employed in public and private
programs, except in robotics which averaged nearly
two more faculty in public programs than in private
programs. Programs in the top 50 institutions had
more faculty than programs in other institutions. For
instance, programs in the 50 institutions that granted
the largest number of doctorates in engineering aver-
aged nearly three more faculty than other programs.
Similarly, programs in the 50 institutions with largest
research expenditures averaged nearly five more. fac-

ulty than did others. Differences between programs in
the top 50 and other institutions were most apparent
in materials programs where the top 50 institutions
had, on average, eight more faculty than programs
located in other institutions.

TABLE CPercentage Distribution of Faculty in
Emerging Programs in Engineering, by Control of

Institution

Program Area
Total

(N=4,062)
Public

(N= 2,846)
Private

(N=1,216)

Total programs 100 100 100

Biotechnology 10 11 9

Computers 27 26 30
Manufacturing 12 14 8

Materials 22 21 26

Microelectronics 17 16 19

Robotics 8 9 5

Other 4 3 4

Note: Percentages may not sum to 100 because of rounding.
Reference: Detailed table 2

Faculty Rank. Almost half of the faculty in emerg-
ing areas held the rank of professor, about one-fourth
were associate professors, and another one-fourth
were assistant professors (see figure 2 and detailed
table 6). The greatest concentrations of assistant pro-

fessors were in computers, robotics, and manufactur-
ing where about 30 percent of the faculty were assis-
tant professors. In contrast, about 60 percent of the
faculty in materials and in "other" programs and over
half of those in microelectronics were full professors.

Degree Background. Over 20 percent of the faculty
in emerging areas had bachelor's degrees from institu-
tions outside the U.S. (see table E). There was basical-
ly little difference in the proportion of foreign-trained
faculty in programs located in public and private in-
stitutions and in thelop 50 institutions (see detailed
table 7). One exception was in robotics programs that
were located in the top 50 institutions granting engi-
neering degrees which had a slightly higher propor-
tion of faculty with foreign baccalaureates than did
other programs. Another exception was in manufac-
turing programs located in the top 50 institutions
with research expenditures which had a slightly low-

er proportion of foreign faculty than did others. The
highest concentration of foreign trained faculty was in
manufacturing (28 percent), followed by robotics (26
percent), microelectronics (25 percent), and comput-
ers (24 percent).

Junior faculty were more likely to have foreign
backgrounds than senior faculty. Among assistant
professors, the proportion with foreign training was
33 percent overall, compared to 24 percent among
associate professors, and 16 percent among full pro-
fessors. Academic rank distribution of foreign faculty
differed somewhat by program area. For instance,
nearly half the foreign-trained faculty in computers
and 42 percent of those in manufacturing held the
rank of assistant professor. In contrast, nearly half the
foreign-trained faculty in materials and 42 percent of
those in microelectronics were full professors (see
figure 3).

TABLE DAverage Number of Faculty in Emerging Programs in Engineering, by Program Area,
and by Control and Top 50 Status of Institution

Program Area

Institutional Control
Top 50 by

Engineering
Degrees Other

Top 50 by
Research

Expenditures OtherTotal Public Private

Total 9 9 9 10 7 11 6

Biotechnology 7 7 7 8 6 9 5

Computers 12 11 12 13 10 14 9

Manufacturing 8 8 8 8 8 9 7

Materials 11 11 10 15 7 15 7

Microelectronics 8 8 8 9 7 11 6

Robotics 5 6 4 5 5 6 4

Other 8 7 9 9 7 10 6

Reference: Detailed tables 2, 3, and 6

4 16
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TABLE EProportion of Engineering Faculty in Emerging Areas Who Hold Non-U.S. Bachelor's Degrees, by Program
Area and Academic Rank

Program Area All Faculty Professors
Associate
Professors

Assistant
Professors Other

All programs 22% 16% 24% 33% 13%

Biotechnology 13 8 11 23 24Computers 24 17 23 36 1
Manufacturing 28 21 25 42 16
Materials 19 14 27 29 29
Microelectronics 25 20 25 39 14
Robotics 26 21 36 27 21
Other 12 6 23 19 0

Faculty Recruitment
The majority of the engineering deans indicated

that availability of human resources is the major de-
termining factor in the development of engineering
programs in emerging areas (see table F). The deans of
engineering schools in public institutions were more
likely to endorse this statement than were deans in
private institutions (90 percent versus 74 percent).

The rapid growth of programs in emerging engi-
neering areas is evident by the fact that the staff re-
cruited during 1983-84 accounted for 21 percent of

5

the total engineering faculty (see table G). New faculty
accounted for 28 percent of the total faculty in robot-
ics but only 11 percent of those in biotechnology
programs. Computer programs were the most likely to
report faculty recruitment during 1983-84 (92 per-
cent), followed by programs in microelectronics (85
percent), and manufacturing (80 percent). Only 31
percent of biotechnology programs tried to recruit
faculty in 1983-84. The average number of faculty
recruited was two, with computers programs recruit-
ing as many as three, while biotechnology programs
recruiting only one, on average.
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TABLE FEngineering Deans Who Believe that the
Availability of Human Resources is the Major

Determining Factor in the Development of Engineering
Programs in Emerging Areas

Type of Institution Number Percent

Total 104 85

Public 75 90
Private 29 74

"Top 50" Degrees 46 92
Other than "Top 50" Degrees 58 80

"Top 50" in Research Dollars 43 b6
Other than "Top 50" in

Research Dollars 61 84

With Programs in:
Biotechnology 52 90
Computers 82 88
Manufacturing 46 84
Materials 73 84
Microelectronics 71 86
Robotics 54 88
Other 20 89

Qualified faculty were in short supply in 1983-84.
Fully half of the programs were unable to fill all the
faculty positions for which they were recruiting (see
figure 4). A majority of the materials, biotechnology,
robotics, and "other" programs reported shortages.
Computers, microelectronics, and manufacturing
were less likely to report shortages than were other
programs. Nonetheless, over 40 percent of the pro-
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grams in manufacturing and microelectronics and
over 32 percent of computers programs still reported
unfilled faculty positions. Programs in private institu-
tions were somewhat more likely to report that they
were unable to fill all faculty positions than were
programs in public institutions (see detailed table 8).

The survey included a question requesting infor-
mation on the specialties for which the programs
were not able to find faculty. Biotechnology, comput-
ers, and robotics programs reported problems in re-
cruiting faculty specializing in artificial intelligence
(see table H). Microelectronics, manufacturing, robot-
ics, and computers programs sought applicants with
knowledge of computer-assisted design (CAD) with-
out success. These responses suggest that emerging
area programs may be competing against each other
for persons with similar expertise.

Respondents were asked to indicate from a list of
eight statements the two most important sources of
qualified applicants for faculty positions in their pro-
grams., The most important source for faculty posi-
tions in emerging areas was the pool of new doctorates
from U.S. institutions (see detailed table 9). The sec-
ond-ranked source cited by all program areas, except
microelectronics, was faculty from other U.S. institu-
tions. In microelectronics, doctorate holders coming
from U.S. industry were cited as the second-ranked
source of qualified applicants for faculty positions.

Non-U.S. citizens constituted a substantial propor-
tion of the qualified faculty applicant pool in some
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TABLE GFaculty Recruitment During Academic Year 1983-84 in Engineering Programs in Emerging Areas

Program Area

Programs
Recruiting Faculty Faculty Recruited

Programs Unable
to Fill All Positions

Number Percent' Number Percent2 Number Percent3

All programs 349 75 860 21 179 51

Biotechnology 31 53 43 11 21 66
Computers 88 92 289 26 29 32

Manufacturing 47 80 118 24 22 46
Materials 54 63 127 14 43 80
Microelectronics 73 85 178 26 32 43

Robotics 44 69 89 28 24 55

Other 11 58 17 12 9 81

'Based on total number of programs.
2As a percent of total faculty.
3Based on number of programs which recruited faculty during 1983-84.

TABLE H Engineering Programs in Emerging Areas in 1983-84, with Unfilled Faculty Positions in Specialty Areas

Speciality Areas

Program Area

Computers Materials Microelectronics Manufacturing Robotics Biotechnology

Artificial intelligence

Biomedical/bioelectricai engineering

Computer architecture

Computer-assisted design

Computer-assisted manufacturing

Database systems

Electronic materials

Integrated circuit design

Metallurgy

Microprocessor instrumentation

Software enginering

VLSI

x

x

x

x

x

x

x

x

x

x

x

x x x

x

x

program areas. For example, 43 percent of the com-
puters programs and 37 percent of the manufacturing
programs reported that over half of their qualified
applicants did net have U.S. citizenship (see table I).
Biotechnology, materials, and "other" programs re-
ported the lowest proportion of foreign applicants.

Doctoral Students
Nearly 7,500 doctoral students were enrolled in

engineering programs in emerging areas, averaging
just over 16 students per program. The greatest con-
centration of students was in materials (32 percent),
followed by computers (25 percent) and micro-
electronics programs (17 percent) (see table J). Pro-

8

grams in materials averaged 28 doctoral students,
computers 20 students, and microelectronics 15 stu-
dents (see table K). The smallest programs were robot-
ics and manufacturing, averaging seven and eight
doctoral students, respectively; they were also the
two programs that had the most favorable faculty/
student ratio, averaging nearly one faculty per doc-
toral student.

On average, programs in private institutions had 10
more doctoral students than programs in public in-
stitutions. The public-private difference was particu-
larly large in biotechnology and computers. Bio-
technology programs in private institutions had 20
more doctoral students than programs in public in-
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stitutions. Similarly, computers programs in private
institutions had 13 more students than programs in
public institutions.

Emerging engineering programs located in the top
50 institutions also had larger enrollments than those
located in other institutions. The average number of
doctoral students in programs in the top 50 institu-
tions by research expenditures was 22 whereas the
average number of doctoral students in other pro-
grams was 10. Materials programs in such top 50
institutions had 24 more doctoral students than mate-
rials programs in other institutions.

Citizenship Status. Nearly one-half of all doctoral
students were foreign citizens (see figure 5). The pro-
grams with the largest proportion of foreign students
were manufacturing (59 percent) and microelectron-
ics (52 percent); biotechnology and "other" programs
had the smallest proportion.

In general, there was very little difference in the
distribution of foreign students in public and private
institutions: 47 percent of doctoral students in public

institutions and 43 percent of those in private institu-
tions were non-U.S. citizens (see detailed table 10).
However, private biotechnology programs had fewer
foreign students than public programs (29 percent
versus 41 percent).

Similarly, there was very little difference in the
proportion of foreign students enrolled in programs
in the top 50 institutions that granted engineering
degrees, but programs in the top 50 institutions by
research expenditures were generally less likely to
enroll foreign students than were programs in other
institutions (see detailed tables 10.5 and 10.6).

About 22 percent of the respondents reported that
their programs had to address significant differences
in the background and experience of their U.S. and
foreign students (see figure 5 and detailed table 11).
The main differences cited were language, undergrad-
uate training, and laboratory experiences. There was
no apparent relationship between a program's report
of these differences and the number of foreign doc-
toral stn ' lits enrolled. Only 21 percent of the pro-

TABLE IPercentage Distribution of Programs in Emerging Areas in Engineering,
by Proportion of Non-U.S. Citizens Among Their Faculty Applicant Pool

Program Area Total

Proportion of Non-U.S. Citizens in Faculty Applicant Pool

0-10% 11-50% 51-70% 71-100%

Total 100 43 28 12 16

Biotechnology 100 64 17 9 9
Computers 100 24 34 14 29
Manufacturing 100 36 27 17 20
Materials 100 53 27 10 9
Microelectronics 100 37 36 15 13
Robotics 100 50 22 8 20
Other 100 62 33 6 0

Note: Percentages may not sum to 100 because of rounding.

TABLE JPercentage Distribution of Doctoral Students
in Emerging Engineering Areas, by Program Area and

by Control of Institution

Program Area Total Public Private
(N=7,496) (N =4,316) (N = 3,180)

Total students 100 100 100

Biotechnology 9 7 13
Computers 25 24 27
Manufacturing 7 9 3
Materials 32 32 32
Microelectronics 17 17 18
Robotics 6 8 4
Other 3 4 3

Note: Percentages may not sum to 100 because of rounding.
Reference: Detailed table 10.

grams in manufacturing reported that they had to deal
with differences in students' backgrounds even
though this area had the largest proportion of foreign
students. Since manufacturing programs had a high
proportion of foreign faculty as well as a relatively
hig!! faculty/student ratio, one could argue that these
factors led to greater interaction between faculty and
students and helper compensate for differences in
students' backgrounds It is also possible that the
quality of training of foreign students varies some-
what by specialty areas, presenting different prob-
lems for faculty in different program areas.

9 21



TABLE KAverage Number of Doctoral Students in Emerging Engineering
Areas, by Program Area and by Control and Top 50 Status of Institution

Program
Area

Total
Institutions Public Private

Top 50 by
Engineering

Degrees Other

Top 50 by
Research

Expenditures Outer

Total programs 16 13 23 20 12 22 10

Biotechnology 12 7 27 15 9 18 6

Computers 20 16 29 22 18 27 13

Manufacturing 8 9 8 10 7 10 6

Materials 28 25 33 39 18 40 16
Microelectronics 15 12 21 20 11 22 8

Robotics 7 7 7 10 1 10 4

Other 14 13 18 21 9 18 10

Reference: Detailed tables 2, 3, and 10
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Institutional and Program
Differences

Institutional location of the programs was related to
major differences in the number of faculty and stu-
dents. While public institutions had 70 percent of the
engineering programs in emerging areas and 70 per-
cent of the faculty, they accounted for only 58 percent
of the doctoral students (see figure 6). In contrast,
private institutions had only 30 percent of the pro-
grams and 30 percent of the faculty but 42 percent of
the students. An average program in private institu-
tions had 10 more students than a program in public
institutions. Since programs in both public and pri-
vate institutions had, on average, nine faculty, the
faculty/student ratios were somewhat more favorable
in public than in private programs.

The top 50 institutions had larger numbers of fac-
ulty as well as students. The top 50 institutions
ranked highest in terms of research expenditures had
51 percent of the engineering programs in emerging
areas, 64 percent of the faculty, and 70 percent of the

doctoral students. On average, there were five more
faculty and 12 more students in programs in such
institutions than in others. Clearly, the availability of
research funds allowed these programs to enroll more
students and hire more faculty than was possible in
programs in other institutions. Programs located in
the top 50 institutions that granted engineering de-
grees had eight more doctoral students but only three
more faculty than programs in other institutions.

There were also some interesting differences by
program areas. For instance, while materials com-
prised 18 percent of the emerging programs in engi-
neering, they represented 22 percent of the faculty
and 32 percent of the doctoral students (sea figure 7).
Compared to all programs, an average program in
materials had nearly two more faculty and 12 more
students. Manufacturing and robotics, on the other
hand, enrolled relatively fewer students and had
more favorable faculty/student ratios (with nearly one
faculty per student).

Programs

Faculty

Students

Programs

Faculty

Students

Programs

Faculty

Students

Figure 6
Distribution of Programs, Faculty, and Doctoral Students,

by Institutional Characteristics
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SUMMARY

In 1984-85, there were about 470 programs in
emerging areas in engineering in 123 institutions of
higher education that granted doctoral degrees in en-
gineering. The most numerous were programs in com-
puters; the least, programs in biotechnology.

The programs employed about 4,060 faculty, aver-
aging nearly nine per program. Two- fifths of the fac-
ulty were full professors. The proportion of faculty
with non-U.S. bachelor's degrees ranged from 13 per-
cent (biotechnology) to 28 percent (manufacturing).
There were relatively more foreigners among junior
than among senior faculty.
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Compared to total engineering faculty in doctoral
departments, the faculty in emerging area programs
were somewhat more junior in rank. On average,
about 25 percent of faculty in emerging area programs
were assistant professors compared to 19 percent of
total engineering faculty.1 They were also more likely
to have foreign baccalaureate degrees than faculty in
engineering programs in general.

The programs enrolled about 7,500 doctoral stu-
dents, averaging over 16 students per program. Nearly

1. Data provided b2h4 National Science Foundation.



one-half the doctoral students were non-U.S. citizens,
which .is somewhat larger than the proportion of for-
eign students in engineering programs in general.
About one-fourth of the programs reported that they
had to address significant differences in the back-
ground and experience of their students. The main
differences cited were language, undergraduate train-
ing, and laboratory experience.

Although most programs had actively recruited fac-
ulty during 1983-84, fully one-half of the respon-
dents reported unfilled faculty positions. Shortages

were particularly acute in programs in materials and
biotechnology, both of which had smaller proportions
of non-U.S. citizens among their faculty, faculty ap-
plicant pool, and students. In contrast, computers
which had larger proportions of foreigners among
faculty, faculty applicants, and studentsreported
fewer shortages. According to the majority of respon-
dents, the most important source of qualified appli-
cants for faculty positions was the pool of new docto-
rates from U.S. institutions.

25
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DETAILED STATISTICAL TABLES

TABLE 1-Top 50 Institutions on the Basis of Ph.D.
Degrees Conferred in Engineering, AY 1981-82

NOTE: Only responding institutions are listed.

1. Massachusetts Institute of Technology
3. Illinois. University of (Urbana)
7. Michigan. University of (Ann Arbor)

10. Ohio State University (Main Campus)
11. Rensselaer Polytechnic Institute
12. Wisconsin. University of (Madison)
14. Texas. University of (Austin)
16. Georgia, Institute of Technology
17. Virginia Polytechnic Institute
19. Minnesota, University of (Minneapolis. St. Paul)
20. California, University of (Davis)
22. Texas A&M University (Main Campus)
24. Case Western Reserve Univereity
25. Princeton University
26. Florida, University of
27. Iowa State University of Science & Technology
28. Columba University
29. SUNY at Stony Brook (Main Campus)
31. Michigan State University
33. Pennsylvania, University of
34. Oklahoma, University of (Norman Campus)
35. Virginia, University of (Main Campus)
37. Washington. University of (Seattle)
38. Pittsburgh, University of (Main Campus)
39. Tennessee, University of (Knoxville)
41. Polytechnic Institute of New York
42. Washington University (St. Louis)
43. Houston. University of (Central Campus)
44. Colorado. University of (Boulder)
45. Missouri. University of (Columbia)
46. Utah, University of
47. Arizona, University of
48. Wayne State University
49. Iowa, University of

14

TABLE 1.1-Top 50 Institutions on the Basis of Research
Expenditures,* AY 1982-83

i NOTE: Only responding institutions are listed.
I

1. Massachusetts Institute of Technology
2. Georgia Institute of Technology
3. Stanford University
4. Illinois, University of (Urbana)
5. Texas A&M University (Main Campus)

10. Rensselaer Polytechnic Institute
11. Ohio State University (Main Campus)
12. Wisconsin, University of (Madison)
13. Michigan, University of (Ann Arbor)
15. Florida, University of
19. Texas. University of (Austin)
21. Oklahoma, University of (Norman Campus)
22. Case Western Reserve University
23. Pennsylvania, University of
24. Virginia Polytechnic Institute
25. Dayton, University of
26. Columbia University
29. Texas Tech University
31. Washington. University of (Seattle)
33. Princeton University
34. Minnesota, University of (Minneapolis, St. Paul)
35. Oklahoma State University
37. Utah, University of
38. Virginia, University of (Main Campus)
39. Maryland, University of (College Park)
40. Iowa State University of Science & Technology
41 Rutgers University (New Brunswick)
43. Washington University (St. Louis)
44. Arizona, University of
45. California, University of (Davis)
46. New Hampshire, University of
47. Polytechnic Institute of New York
48. Houston, University of (Central Campus)
50. Delaware, University of

These expenditures include federal and all other sources of
support. Rankings are based on data provided by the ASEE
Engineering College Research and Graduate Study (3/84).
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TABLE 2Operational and Planned Doctoral Engineering Programs in Emerging Areas, by Control of Institution
All Institutions

Program
Area

Operational Planned
Total Public Private Total Public Private

Total programs 467 329 137 28 20 8

Biotechnology 58 42 15 6 3 3
Computers 96 66 30 5 4 1
Manufacturing 59 46 13 5 5 0
Materials 86 55 31 3 3 0
Microelectronics 86 59 27 4 2 1
Robotics 64 48 16 6 3 3
Other 19 13 5 0 0 0

TABLE 3Operational Doctoral Engineering Programs in Emerging Areas in Top 50 Institutions,
by Control of Institution

Top 50
by Engineering Degrees

Top 50
by Research Expenditures

Program Area Total Public Private Total Public Private

Total programs 224 181 43 237 180 57

Biotechnology 28 24 4 30 24 6
Computers 46 36 10 46 33 13
Manufacturing 31 24 7 33 27 6
Materials 40 33 7 43 29 14
Microelectronics 40 33 7 41 30 11
Robotics 32 25 7 36 30 6
Other 7 6 1 9 7 1
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IIncludes only responding institutions that granted permission to list their names and programs.

TABLE 4Institutions Offering Doctoral Programs in Emerging Engineering Areas, by Program Area

Institution

Manu- Micro-
Biotech- Com- factur- Mate- elec- Robot-
nology puters ing rials tronics ics Other

Akron, University of (Main Campus)
Alabama, University of (Main Campus)
Arizona State University
Arizona, University of
Auburn University

California, University of (Davis)
California, University of (San Diego)
California, University of (Santa Barbara)
Case Western Reserve University
Catholic University of America

x

x
x
x
x
x

x

x

x
x

x

x

x

Cincinnati, University of x x x x x x
Clemson University x x x x x
Colorado, University of (Boulder) x
Columbia University x x x
Dartmouth College x x x

Dayton, University of x
Delaware, University of x x x x x
Drexel University x x x x x x
Duke University x x x x
Florida, University of x x x x x x

Georgia Institute of Technology x x x x x x
Hawaii, University of (Manoa) x x x
Houston, University of (Central Campus) x x x x x
Howard University x x
Illinois Institute of Technology x x x x x

Illinois, University of (Urbana) -,: x x x x x
Iowa State University x x x
Iowa, University of x x x x x x
Johns Hopkins University x x x
Kansas State University x x x x x x

Kansas, University of (Main Campus) x x x x
Lamar University
Louisiana State University x x x
Louisiana Tech University x x x
Maine, University of (Orono Campus) x

Marquette University x x
Maryland, University of (College Park) x x x x x x
Massachusetts Institute of Technology x x x x x x
Massachusetts, University of (Amherst) x x x
Miami, University of (Miami, FL) x

Michigan State University x x
Michigan Technological. University x
Michigan, University of (Ann Arbor) x x x x x x
Minnesota, University of (Minneapolis, St. x x x x x x
Paul)
Mississippi, University of (Main Campus) x

x
x

x

x

x

x

16 28
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TABLE 4 (continued)Institutions Offering Doctoral Programs in Emerging Engineering Areas, by Program Area

Manu- Micro-
Biotech- Com- factur- Mate- clec- Robot-

Institution nology puters ing rials tronics ics Other
Missouri, University of (Columbia) x x x x x
Montana State University x x x x x
Nebraska, University of (Lincoln) x x
Nevada, University of (Reno) x x
New Hampshire, University of x x

New Mexico State University (Main Campus) x x x
New Mexico, University of (Main Campus) x x
Northeastern University x x x
Notre Dame, University of x x x x x x x
Ohio State University x x x x x

Oklahoma State University x x
Oklahoma, University of (Norman Campus) x x x
Old Dominion University
Oregon State University x x x x
Pennsylvania, University of x x x x x x

Pittsburgh, University of (Main Campus) x x x
Polytechnic Institute of New York x x x
Princeton University x x x
Rensselaer Polytechnic Institute x x x x x x
Rice University x x

Rochester, University of x
Rutgers University (New Brunswick Campus) x x x x x
South Carolina, University of x x x x
Southern Methodist University x x x x x x
Stanford University x x x x x x

Stevens Institute of Technology x x x
SUNY at Buffalo x x x
SUNY at Stony Brook (Main Campus) x x x x
Syracuse University x x
Tennessee, University of (Knoxville) x

Texas A& M University (Main Campus) x x x x x x
Texas Tech University x x x x x
Texas, University of (Arlington) x x x x x x
Texas, University of (Austin Campus) x x x x x x x
Toledo, University of x x x x

lb lane University x
Utah, University of x x x x x
Vermont, University of x x
Virginia Polytechnic Institute x x x x x x x
Virginia, University of (Main Campus) x x x x x x x

Washington, State University x x x x x
Washington University (St. Louis) x x x x
Washington, University of (Seattle) x x x x x x x
Wayne State University x x x x
West Virginia University x x x x x

Wichita State University
Wisconsin, University of (Madison) x x x
Wisconsin, University of (Milwaukee) x x x x x
Wyoming, University of x x x x

17 29



TABLE 5 Engineering Faculty in Emerging Areas,
by Program Area and Academic Rank, AY 1983-84

All Institutions

Program
Area

Total Professor Associate Professor Assistant Professor Other

Headcount FTE Headcount FTE Headcount FTE Headcount FTE Headcount FTE

Total faculty 4062 3624 1928 1687 938 851 990 909 206 177

Biotechnology 408 368 168 151 112 103 95 91 33 23
Computers 1102 1001 412 362 284 256 334 320 71 62
Manufacturing 484 381 205 155 124 100 136 113 19 12
Materials 914 830 567 504 161 147 162 154 25 25
Microelectronics 686 647 359 331 154 149 145 139 28 28
Robotics 322 271 130 110 72 66 92 70 29 25
Other 145 127 87 73 31 30 26 23 1 1

TABLE 5.1Engineering Faculty in Emerging Areas,
by Program Area and Academic Rank, AY 1983-84

Public Institutions

Program
Area

Total Professor Associate Professor Assistant Professor Other

Headcount FTE Headcount FTE Headcount FTE Headcount FTE Headcount FTE

Total faculty 2846 2510 1298 1118 713 639 712 642 123 11 1

Biotechnology 303 279 121 108 90 81 79 76 14 4
Computers 732 659 271 234 199 177 218 207 44 2
Manufacturing 388 298 162 120 101 81 108 88 16 10
Materials 604 535 366 315 114 102 116 110 8 8
Microelectronics 456 440 221 213 127 123 94 89 15 15
Robotics 265 214 103 84 59 53 77 55 26 23
Other 98 85 54 45 23 22 21 18 0 0

TABLE 5.2Engineering Faculty in Emerging Areas,
by Program Area and Academic Rank, AY 1983-84

Private Institutions

Program
Area

Total Professor Associate Professor Assistant Professor Oth er

Headcount FTE Headcount FTE Headcount FTE Headcount FTE Headcou t FTE

Total faculty 1216 1114 630 ;69 226 212 278 267 83 66

Biotechnology 105 89 47 43 22 22 16 15 19 9
Computers 370 342 141 129 86 79 117 114 27 20
Manufacturing 97 83 43 36 23 19 28 26 3 3
Materials 310 295 201 189 47 46 46 44 17 17
Microelectronics 230 207 139 119 27 26 51 49 1 13
Robotics 57 57 27 27 12 12 15 15 3
Other 47 42 32 27 8 8 5 5 1 1

18
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TABLE 5.3Engineering Faculty in Emerging Areas,
by Program Area and Academic Rank, AY 1983-84

[Top 50 Institutions, by Engineering Degrees]

Program
Area

Total Professor Associate Professor Assistant Professor Other

Headcount FTE Headcount FTE Headcount FTE Headcount FTE Headcount FTE

Total faculty 2281 2045 1102 982 561 511 550 488 68 64

Biotechnology 218 208 88 82 64 63 58 56 8 8
Computers 614 557 250 224 178 161 154 143 32 29
Manufacturing 254 186 90 63 72 53 83 64 8 7
Materials 601 550 376 340 117 107 101 96 , 7
Microelectronics 371 356 195 185 85 83 83 79 8 8
Robotics 163 128 65 51 33 32 60 40 4 4
Other 60 60 38 38 13 13 10 10 0 0

TABLE 5.4Engineering Faculty in Emerging Areas,
by Program Area and Academic Rank, AY 1983-84

[Top 50 Institutions, by Research Expenditures]

Program
Area

Total Professor Associate Professor Assistant Professor Other

Headcount FTE Headcount FTE Headcount FTE Headcount FTE Headcount FTE

Total faculty

Biotechnology
Computers
Manufacturing
Materials
Microelectronics
Robotics
Other

2601

266
669
296
630
439
212

90

2268

250
586
213
560
406
179

74

1278

119
257
127
396
239

84
56

1086

106
217

87
344
214

71
46

589

76
173

70
106
110
39
16

532

74
153
51
94

107
37
14

626

59
199
84

112
84
70
19

559

57
186
67

104
79
51
14

109

13
40
14
17

6
19

0

92

13
30

7
17

6
19

0
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TABLE 6-Faculty Rank Distribution in Emerging Areas, by Program Area, AY 1983-1984

All Institutions

Program
Area

Total
Headcount

Total
Percent Professor

Associate
Professor

Assistant
Professor Other

Total faculty 4062 100.0 47.5 23.1 24.4 5.1

Biotechnology 408 100.0 41.1 27.5 23.3 8.1
Computers 1102 100.0 37.4 25.8 30.3 6.5
Manufacturing 484 100.0 42.3 25.7 28.1 3.9
Materials 914 100.0 62.0 17.6 17.7 2.7
Microelectronics 686 100.0 52.4 22.4 21.1 4.1
Robotics 322 100.0 40.4 22.3 28.5 8.9
Other 145 100.0 59.6 21.3 18.1 1.0

TABLE 6.1-Faculty Rank Distribution in Emerging Areas, by Program Area, AY 1983-1984

Public Institutions

Program Total Total Associate Assistant
Area Headcount Percent Professor Professor Professor Other

Total faculty 2846 100.0 45.6 25.1 25.0 4.3

Biotechnology 303 100.0 39.8 29.7 26.0 4.5
Computers 732 100.0 37.1 27.2 29.7 6.0
Manufacturing 388 100.0 41.9 26.1 27.8 4.2
Materials 604 100.0 60.6 18.8 19.3 1.3
Microelectronics 456 100.0 48.4 27.8 20.6 3.2
Robotics 265 100.0 38.9 22.4 29.0 9.7
Other 98 100.0 55.2 23.5 21.3 0.0

TABLE 6.2-Faculty Rank Distribution in Emerging Areas, by Program Area, AY 1983-1984

Private Institutions

Program
Area

Total
Headcount

Total
Percent Professor

Associate
Professor

Assistant
Professor Other

Total faculty 1216 100.0 51.8 18.5 22.9 6.8

Biotechnology 105 100.0 45.0 21.3 15.4 18.2
Computers 370 100.0 38.1 23.1 31.5 7.3
Manufacturing 97 100.0 44.0 23.9 29.3 2.7
Materials 310 100.0 64.8 15.2 14.7 5.4
Microelectronics 230 100.0 60.3 11.8 22.0 5.8
Robotics 57 100.0 47.1 21.5 26.6 4.7
Other 47 100.0 68.7 16.8 11.3 3.0

32
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TABLE 6.3-Faculty Rank Distribution in Emerging Areas, by Program Area, AY 1983-1984

(Top 50 Institutions, by Engineering Degrees)

Program
Area

Total
Headcount

Total
Percent Professor

Associate
Professor

Assistant
Professor Other

Total faculty 2281 100.0 48.3 24.6 24.1 3.0

Biotechnology 218 100.0 40.1 29.3 26.7 3.8
Computers 614 100.0 40.7 29.0 25.1 5.2
Manufacturing 254 100.0 35.5 28.4 32.8 3.3
Materials 601 100.0 62.6 19.4 16.9 1.1
Microelectronics 371 100.0 52.4 22.8 22.5 2.2
Robotics 163 100.0 40.2 20.5 36.7 2.6
Other 60 100.0 62.8 20.9 16.2 0.0

TABLE 6.4-Faculty Rank Distribution in Emerging Areas, by Program Area, AY 1983-1984

(Top 50 Institutions, by Research Expenditures)

Program
Area

Total
Headcount

Total
Percent Professor

Associate
Professor

Assistant
Professor Other

Total faculty 2601 100.0 49.1 22.6 24.1 4.2

Biotechnology 266 100.0 44.6 28.5 22.0 4.9
Computers 669 100.0 38.5 25.9 29.7 6.0
Manufacturing 296 100.0 43.0 23.7 28.5 4.8
Materials 630 100.0 62.8 16.8 17.7 2.7
Microelectronics 439 100.0 54.4 25.1 19.2 1.3
Robotics 212 100.0 39.9 18.3 33.1 8.8
Other 90 100.0 61.9 17.4 20.7 0.0
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TABLE 7Engineering Faculty in Emerging Areas Who Hold Non-U.S. Bachelor's Degrees,
by Program Area and Academic Rank

All Institutions

Program
Area

Total Professor Associate Professor Assistant Professor Other
Headcount FTE Headcount FTE Headcount FTE Headcount FTE Headcount FTE

Faculty with
non-U.S. BA's 896 831 314 289 221 198 334 318 27 26

Biotechnology 55 54 14 14 12 11 22 22 8 8
Computers 259 252 72 71 64 60 121 120 1 1
Manufacturing 134 103 43 29 31 24 57 47 3 3
Materials 176 169 82 77 43 41 47 47 5 5
Microelectronics 171 166 72 67 38 38 57 56 4 4
Robotics e- 75 27 27 26 18 25 25 6 5
Other 1 12 5 4 7 6 5 2 0 0

TABLE 7.1Engineering Faculty in Emerging Areas Who Hold Non-U.S. Bachelor's Degrees,
by Program Area and Academic Rank

Public Institutions

Program
Area

Total Professor Associate Professor Assistant Professor Other
Headcount FTE Headcount FTE Headcount PTE Headcount FTE Headcount FTE

Faculty with
non-U.S. BA's 651 609 222 209 161 145 248 236 20 19

Biotechnology 42 42 9 9 8 8 20 20 5 5
Computers 188 186 60 59 41 40 85 85 1 1
Manufacturing 97 77 25 19 26 21 44 35 2 2
Materials 111 38 48 45 29 29 30 30 3 3
Microelectronics 127 125 53 52 27 27 43 42 4 4
Robotics 71 62 23 23 23 15 21 21 4 3
Other 14 10 3 2 6 5 5 2 0 0

TABLE 7.2Engineering Faculty in Emerging Areas Who Hold Non-U.S. Bachelor's Degrees,
by Program Area and Academic Rank

Private Institutions

Program
Area

Total Professor Associate Professor Assistant Professor Other
Headcount FTE Headcount FTE Headcount FTE Headcount FTE Headcount FTE

Faculty with
non-U.S. BA's 245 222 92 80 61 53 86 83 7 7

Biotechnology 13 11 4 4 4 3 1 1 3 3
Computers 71 67 12 12 23 20 36 35 0 0
Manufacturing 37 26 18 10 4 3 13 12 1 1
Materials 65 62 33 32 14 12 16 16 1 1
Microelectronics 44 41 19 16 11 11 14 14 0 0
Robotics 13 13 4 4 3 3 4 4 1 1
Other 3 3 1 1 1 1 0 0 0 0
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TABLE 'ngineering Faculty in Emerging Areas Who Hold Non-U.S. Bachelor's Degrees,
by Program Area and Academic Rank

(Top 50 Institutions, by Engineering Degrees)

Program
Area

Total Professor Associate Professo.- Assistant Professor Other
Headcount FTE Headcount FTE Headcount FTE Headcount FTE Headcount FTE

Faculty with
non-U.S. BA's 503 464 181 171 138 120 179 168 6 6

Biotechnology 25 24 3 3 8 7 14 14 0 0
Computers 143 136 42 40 44 40 57 56 0 0
Manufacturing 69 53 17 14 18 13 33 25 1 1
Materials 107 104 54 51 26 26 25 25 1 1
Microelectronics 99 95 46 43 18 18 32 31 3 3
Robotics 54 47 18 18 18 11 18 18 0 0
Other 6 6 1 1 4 4 0 0 0 0

TABLE 7.4Engineering Faculty in Emerging Areas Who Hold Non-U.S. Bachelor's Degrees,
by Program Area and Academic Rank

(Top 50 Institutions, by Research Expenditures)

Program
Area

Total Professor Associate Professor Assistant Professor Other
Headcount FTE Headcount FTE Headcount FTE Headcount FTE Headcount FTE

Faculty with
non-U.S. BA's 523 477 196 182 137 119 179 166 11 11

Biotechnology 31 31 10 10 6 6 11 11 4 4
Computers 147 140 46 44 39 34 63 61 0 0
Manufacturing 66 50 20 16 17 13 27 20 1 1
Materials 106 100 56 51 24 23 24 24 1 1
Microelectronics 104 100 43 40 27 27 33 31 1 1
Robotics 54 47 17 17 19 11 16 16 3 3
Other 14 9 4 3 6 4 4 1 0 0
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TABLE 8-Faculty Raavitment in Progress or Completed
During Academic Year 1983-84 for Engineering Programs in Emerging Areas,

and Reported Difficulty in Filling Positions

All Institutions

Program
Area

Programs that
Recruited Faculty

Faculty
Recruited

Programs Unable to
Fill All Positions

Number Percent Number Percent Number Percent

Total 349 100.0 860 100.0 179 51.4

Biotechnology 31 8.9 43 5.0 21 65.8
Computers 88 25.3 289 33.5 29 32.4
Manufacturing 47 13.4 118 13.7 22 46.3
Materials 54 15.5 127 14.7 43 79.8
Microelectronics 73 21.1 178 20.7 32 43.2
Robotics 44 12.6 89 10.3 24 55.4
Other 11 3.3 17 2.0 9 80.8

TABLE 8.1-Faculty Recruitment in Progress or Completed
During Academic Year 1983-84 for Engineering Programs in Emerging Areas,

and Reported Difficulty in Filling Positions

Public Institutions

Program
Area

Programs that
Recruited Faculty

Faculty
Recruited

Programs Unable to
Fill All Positions

Number Percent Number Percent Number Percent

Total 251 100.0 664 100.0 114 45.4

Biotechnology 23 9.1 31 4.7 15 64.7
Computers 61 24.3 221 33.2 13 20.6
Manufacturing 37 14.6 95 14.3 16 42.7
Materials 37 14.7 93 14.0 20 77.6
Microelectronics 52 20.8 145 21.9 20 38.4
Robotics 34 13.6 68 10.2 17 50.2
Other 8 3.0 12 1.8 5 71.0

TABLE 8.2-Faculty Recruitment in Process or Completed
During Academic Year 1983-84 for Engineering Programs in Emerging Areas,

and Reported Difficulty in Filling Positions

Private Institutions

Program
Area

Programs that
Recruited Faculty

Faculty
Recruited

Programs Unable to
Fill All Positions

Number Percent Number Percent Numf.ar Percent

Total 98 100.0 197 100.0 65 66.5

Biotechnology 9 8.6 12 6.3 6 68.7
Computers 27 27.8 68 34.6 16 58.7
Manufacturing 10 10.2 23 11.7 6 59.8
Materials 17 17.6 34 17.3 15 84.6
Microelectronics 21 21.8 33 16.8 12 55.0
Robotics 10 10.0 21 10.8 7 73.4
Other 4 3.9 5 2.6 4 100.0
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TABLE 8.3-Faculty Recruitment in Progress or Completed
During Academic Year 1983-84 for Engineering Programs in Emerging Areas,

and Reported Difficulty in Filling Positions

[Top 50 Institutions, by Engineering Degrees]

Program
Area

Programs that
Recruited Faculty

Faculty
Recruited

Programs Unable to
Fill All Positions

Number Percent Number Percent Number Percent
Total 174 100.0 478 100.0 86 49.6

Biotechnology 13 7.2 15 3.2 7 55.6
Computers 42 24.0 167 34.9 14 33.3
Manufacturing 26 15.2 67 14.0 13 47.4
Materials 33 19.2 76 16.0 29 87.5
Microelectronics 33 19.2 103 21.5 10 29.2
Robotics 22 12.8 46 9.6 11 50.0
Other 4 2.4 4 0.9 3 66.7

TABLE 8.4-Faculty Recruitment in Progress or Completed
During Academic Year 1983-84 for Engineering Programs in Emerging Areas,

and Reported Difficulty in Filling Positions

[Tap 50 Institutions, by Research Expenditures]

Program
Area

Programs that
Recruited Faculty

Faculty
Recruited

Programs Unable to
Fill All Positions

Number Percent Number Percent Number Percent
Total 186 100.0 489 100.0 92 49.2

Biotechnology 20 10.8 23 4.7 13 64.3
Computers 44 23.8 169 54.5 10 22.6
Manufacturing 29 15.4 66 13.5 14 50.0
Materia!s 30 16.2 67 13.7 27 90.5
Microelectronics 41 22.3 124 25.4 14 34.5
Robotics 19 10.0 37 7.6 11 61.5
Other 3 1.5 3 0.6 1 50.0
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TABLE 9Most Important Sources of Qualified
Applicants for Faculty Positions in Engineering

Programs in Emerging Areas

All Institutions

Program First-ranked Second-ranked
Area Source Source

Biotechnology a e
Computers a e
Manufacturing a e
Materials a e
Microelectronics a c
Robotics a e
Other e a

Sources of applicants listed in the questionnaire:
a. New doctorate recipients coming from U.S. institutions
b. New doctorate recipients coming from non-U.S.

institution.;
c. Doctorate holders comin3 from U.S. industry (with

research and development experience)
d. Doctorate holders coming from foreign industry (with

research and development experience)
e. Faculty coming from other U.S. institutions
f. Faculty coming from other departments at the same

institution
g. Doctorate holders coming from U.S. postdoctoral

appointments
h. Doctorate holders coming from foreign postdoctoral

appointments
i. OiLar

TABLE 10Doctoral Students in Engineering Programs
in Emerging Areas, by Citizenship Status

All Institutions

Program
A'ea Total

U.S.
Citizens

Non-U.S.
Citizens

Total students 7496 4085 3411

Biotechnology 708 468 240
Computers 1907 1026 881
Manufacturing 492 199 292
Materials 2393 1356 1037
Microelectronics 1291 623 667
Robotics 447 240 207
Other 259 173 86

TABLE 10.1Doctoral Students in Engineering
Programs in 'merging Areas, by Citizenship Status

Public Institutions

TABLE 10.2Doctoral Students in Engineering
Programs in Emerging Areas, by Citizenship Status

Private Institutions

Program
Area Total

U.S.
Citizens

Non-U.S.
Citizens

Program
Area Total

U.S.
Citizens

Non-U.S.
Citizens

Total students 4316 2285 2031 Total students 3180 1800 1380

Biotechnology 297 176 121 Biotechnology 411 292 119
Computers 1038 530 508 Computers 869 496 373
Manufacturing 394 158 236 Manufacturing 98 41 57
Materials 1366 770 596 Materials 1026 585 441
Microelectronics 723 366 357 Microelectronics 568 257 311
Robotics 329 175 154 Robotics 118 65 53
Other 170 111 59 Other 90 63 27
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TABLE 10.3Doctoral Students in Engineering
Programs in Emerging Areas, by Citizenship Status

(Top 50 Institutions, by Engineering Degrees]

Program
Ares Total

U.S.
Citizens

Non-U.S.
Citizens

Total students 4585 2424 2161

Biotechnology 425 275 150
Computers 1032 535 497
Manufacturing 296 115 181
Materials 1549 858 690
Microelectronics 800 374 426
Robotics 336 186 150
Other 147 81 67

TABLE 10.5Doctoral Students in Engineering
Programs in Emerging Areas, by Citizenship Status

(Top 50 Institutions, by Research Expenditures]

Program
Area Total

U.S.
Citizens

Non-U.S.
Citizens

Total students 5263 3011 2252

Biotechnology 546 379 167
Computers 1252 749 503
Manufacturing 330 150 180
Materials 1716 966 750
Microelectronics 916 464 452
Robotics 343 209 134
Other 160 94 66

TABLE 10.4Doctoral Students in Engineering
Programs in Emerging Areas, by Citizenship Status

[Other than Top 50 Institutions, by Engineering Degrees]

Program
Area Total

U.S.
Citizens

Non-U.S.
Citizens

Total students 2911 1661 1250

Biotechnology 283 193 90
Computers 875 491 384
Manufacturing 196 84 112
Materials 844 497 347
Microelectronics 491 250 241
Robotics 110 54 57
Other 112 93 19

TABLE 10.6Doctoral Students in Engineering
Programs in Emerging Areas, by Citizenship Status

(Other than Top 50 Institutions, by Research
Expenditures]

Program
Area Total

U.S.
Citizens

Non-U.S.
Citizens

Total students 2233 1074 1159

Biotechnology 162 89 73
Computers 655 277 373
Manufacturing 161 49 112
Materials 676 390 287
Microelectronics 375 159 216
Robotics 104 31 73
Other 99 79 20
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Table 11-Programs in Emerging Areas that Must
Address Significant Differences In Background and
Experience of U.S. and Nun-U.S. Doctoral Students

All Institutions

Program
Area

Proportion that Must Address Differences

Number
of Programs

Percent
of All Programs

Total

Biotechnology
C.enipti:ers
Manufacturing
Materials
Microelectronic
Robotics
Other

103

6
28
13
23
18
14

3

22.0

9.7
28.8
21.2
26.3
20.8
21.2
15.5

Table 11.1-Programs in Emerging Areas that Must
Address Significant Differences ill Background and
Experience of U.S. and Non-U.S. Doctoral Students

Public Institutions

Table 11.2-Programs in Emerging Areas that Must
Address Significant Differences in Background and
Experience of U.S. and Non-U.S. Doctoral Students

Private Institutions

Program
Area

Proportion that Must Address Differences

Program
Area

Proportion that Must Address Differences

Number
of Programs

Percent
of All Programs

Number
of Programs

Percent
of All Programs

Total 84 25.6 Total 18 13.4

Biotechnology 6 13.2 Biotechnology 0 0.0
Computers .2.1 31.4 Computers 7 23.0
Manufacturing 11 23.7 Manufacturing 2 12.4
Materials 16 28.4 Materials 7 22.6
Microelectronic 17 28.1 Microelectronic 1 5.2
Robotics 12 25.1 Robotics 1 9.0
Other 3 21.6 Other 0 0.0

Table 11.3-Programs in Emerging Areas that Must
Address Significant Differences in Background and
Experience of U.S. and Non-U.S. Doctoral Students

[Top 50 Institutions, by Engineering Degrees]

Table 11.4-Programs in Emerging Areas that Must
Address Significant Differences in Background and
Experience of U.S. and Non-U.S. Doctoral Students

[Top 50 Institutions, by Research Expenditures]

Proportion that Must Address Differences Proportion that Must Address Differences
Program Number Percent Program Number Percent

Area ,,f Programs of All Programs Area of Programs of All Programs
Total 49 21.7 Total 5:3 22.3

Biotechnology 4 15.0 Biotechnology 4 14.3
Computers 11 24.2 Computers 13 28.1
Manufacturing 7 22.7 Manufacturing 10 30.4
Materials 8 20.7 Materials 9 20.0
Microelectronic 10 24.1 Microelectronic 10 24.1
Robotics 7 21.7 Robotics 6 16.0
Other 1 20.0 Other 1 16.7



APPENDIX A: SURVEY INSTRUMENT

AMERICAN COUNCIL ON EDUCATION
Higher Education Panel

June 13, 1984

Dear Higher Education Panel Representative,

Enclosed is Higher Education Panel survey number 64, "Engineering Programs in Emerging
Areas." Sponsored by the National Science Foundation, its purpose is to obtain information
about doctoral programs in emerging areas In colleges of engineering.

Colleges of engineering are establishing programs in a number of areas with applications in
production and manufacturing, such as robotics and microelectronics. Previous studies have
documented some shortages of full-time faculty in major engineering fields, but there is no
information about tile availability of faculty to staff the programs in the smaller emerging
areas. This survey was designed to help determine the availability of engineering faculty to
provide such specialized training and whether there is a sufficient number of engineering
students in doctoral programs to provide an adequate future supply of new faculty for the
emerging areas.

Since the requested information will likely be obtained from several people within the
college of engineering, we suggest that the survey be directed to the Dean of the college of
engineering. As usual, however, we leave that decision to you.

Please be assured that your institution's response will be protected to the maximum,extent
permissible by law. As with all our surveys, the data you provide will be reported in
summary fashion only and will not be identifiable with your institution, except where
explicitly authorized by you. This survey is authorized by the National Science Foundation
Act of 1950, as amended. Although you are not required to respond, your cooperation is
needed to make the results comprehensive, reliable, and timely.

Please return all completed forms to us by July 6, 1984. If not all forms have been
completed by that date, do not delay forwarding those that have been completed. Two
prepaid envelopes have been enclosed for your convenience. If you have any problems or
questions, please do not hesitate to telephone us collect at (202) 833-4757.

Sincerely

Frank J Atelsek
Panel Director

One Dupont Circle, Wcshington, D.0 20036-1193 (202) 83'-4757
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OFFICE OF THE
ASSISTANT DIRECTOR

FOR ENGINEERING

NATIONAL SCIENCE FOUNDATION
WASHINGTON D C 20550

MEMORANDUM

June 13, 1984

FOR: Deans of Engineering

FROM: Acting Assistant Director for Engineering

SUBJECT: Higher Education Panel Survey No. 64, "Engineering Programs in Emerging Areas"

I am writing to ask your cooperation and assistance in completing the attached survey on
"Engineering Programs in Emerging Areas." This survey is sponsored by the National
Science Foundation to obtain information about doctoral programs in emerging areas in
colleges of engineering. The Foundation has asked the Higher Education Panel, a survey
research program operated by the American Council on Education, to conduct this survey
for us and we are sending it to 140 colleges of engineering.

As you are well aware, colleges of engineering are establishing programs in newly-identified
areas such as biotechnology, robotics, microelectronics, materials and manufacturing. There
have been several recent studies which have documented shortages on full-time faculty in
major engineering fields such as electrical, chemical, etc. However, as of yet, no information
exists as to the availability of faculty to staff programs in these new areas. This survey will
help to provide this much needed data, not only as to the availability of faculty with
qualifications to provide the needed specialized training, but also data on whether the
number of engineering students in doctoral programs is adequate to provide a future supply
of qualified faculty for these programs

We realize that completing this questionnaire will require a substantial effort on the part of
you and your staff. However, we hope you will agree that obtaining this information will be
useful.

Please feel free to call the Higher Education Panel staff collect at (202) 833-4757 if there are
any questions or problems in completing this survey.

Thank you for your assistance.

30

S...e(A) c2.41L
Carl W. Hall
Acting Assistant Director
for Engineering
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KAN
NCIL ON

ATION
American Council on Education

Higher Education Panel Survey #64

ENGINEERING PROGRAMS IN EMERGING AREAS, 1983-84

OMB #3145-0009
Exp. 03/31/87

I. Check below the emerging areas in which your college of engineering now has a doctoral program. Also indicate other cooperating
units if there are departments outside the engineering college that work with the engineering college in these programs. In which
areas have doctoral programs been authorized but are not yet in operation?

Doctoral Other Doctoral Program
Program Area in Program Cooperating Authorized But

College of Engineering in ^meraUon Units Not Yet in Operation
(include similar titles)
A. Biotechnology 0 0
B. Computers 0 0
C. Manufacturing 0 0
D. Materials 0 0
E. Microelectronics 0
E Robotics 0 0
G. Other (specify):

For this survey, the term "pro-
gram" is defined to be an organized
instructional activity leading to the
Ph.D., Sc. D., or equivalent degree.
The programs of interest may be ad-
ministered either separately or as
areas of concentration within estab-
lished departments, but they must
be within the College of Engineer-

II. May we have your permission to include your institution by name in a list of universities and colleges with engineeringprograms in
emerging areas? (None of the information requested below would be released in a manner that would identify your institution.)

_Yes ______ No

III. Do you believe that the availability of human resources is the major determining factor in the development of engineeringprograms in
these emerging areas?

_Yes ______ No If 'no,' please explain.

IV. On the following sheets please piovide the requested information for each currently operating program listed in question I above. If
you have more than one program in a particular area, please provide separate information for each, using separate sheets as needed.

Thank you for your cooperation. Please keep a copy of this form for your records. Please return all completed forms by July 6, 1984
to:

Higher Education Panel
American Council on Education
One Dupont Circle Suite 829
Washington, D.C. 20035

Person completing form

Department/telephone



(DESCRIBE PROGRAMS WITHIN THE COLLEGE OF ENGINEERING ONLY.)

IV. A. BIOTECHNOLOGY (including similar titles).

1. Area of specialization

2. Name of engineering department or unit responsible for this program

3. Number of facultyheadcount and full-time-equivalent in AY 1983-84--in this program, by academic rank. Of these, how
many did not receive their bachelor's degree in the U.S.?

. Non-U.S.
Total Bachelor's Dews

Headcount FTE Headcount FTE

Professor

Associate professor

Assistant professor

Other ranks

Include on regular faculty with fall-time ap-
pointments at your institution. Please provide both
the total headoount dam* Irrespecttve cif their
level at Involvement in the program, as well as the
lull- timequivalent in the program.

Faculty not part of the College cl Engineering
maybe inchidedtfthry haves, major involvement in
the program and function in a manner similar to
the Scully at the College of Ingineering.

4a. How many faculty recruitments t,Ire in progress or completed during AY 1983-84 for this program, irrespective of the
proposed year of employment? (Include all regular faculty recruited as full-time for the institution even if only part-time for
this program.)

(If none, enter '0' and skip to item 6 below.)

b. Were you able, or do you expect to be able, to fill all these positions?_ Yes _ No

If 'no', please indicate which specialties you are unable to fill:

5a. What were the two most important sources of qualified applicants for faculty positions? Rank in order using '1' for the most
important source, '2' for the second most important source.

New doctorate recipients coming from U.S. institutions
_____ New doctorate recipients coming from non-U.S. institutions_ Doctorate-holders coming from U.S. industry (with research and development experience)

Doctorate-holders coming from foreign industry (with research and development experience)
Faculty coming from other U.S. institutions
Faculty coming from other departments at the same institution
Doctorate-holders coming from U.S. postdoctoral appointments__ Doctorate-holders coming from foreign postdoctoral appointments
Other (explain)

b. Approximately what proportion of the qualified applicant pool did not have U.S. citizenships_ %

6. Headcount of doctoral students in the program in AY 1983-84, by citizenship:_ U.S. citizens _ non-U.S. citizens

7. Are there significant differences in the background and experience of the U.S. and non-U.S. doctoral students that must be
addressed as part of the program?_ Yes _ No (If yes, please explain; use back of page if necessary)

Thank you for your cooperation. Please keep a copy of this form for your records. Please return all completed forms by July 6, 1984,
either to your HEP representative or to:

Higher Education Panel
American Council on Education
One Dupont Circle, Suite 829
Washington, D.C. 20036

Person completing form

Department/telephone
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(DESCRIBE PROGRAMS WITHIN THE COLLEGE OF ENGINEERING ONLY.)

IV. B. COMPUTERS (including similar titles).

1. Area of specialization

2. Name of engineering department or unit responsible for this program

3. Number of facultyheadcount and full-time-equivalent in AY 1983-84--in this program, by academic rank. Of these, how
many did not receive their bachelor's degree in the U.S.?

Noe-U.S.
Total Bachelor's Deems

Headcount FTE Headcount FTE

Professor

Associate professor

Assistant professor

Other ranks

Include only regular faculty mu& sun -ttme ap-
pointments at your inattnnton. Place provide both
the total headonunt ct facully, 11,reepoottve ct their
level ctliivolvement In the program, at well as the
Adlanne-squrndent to the program.

Faculty not part ct the College ct BneneerIng
=who Included If they haws a mstior Involvement in
the program and &notion In a manner =gar to
the feculty ct the College cif Englneern34.

4a. How many faculty recruitments were in progress or completed during AY 1983-84 for this program, irrespective of the
proposed year of employment? (Include all regular faculty recruited as full-tim-: for the institution even if only part-time for
this program.)

(If none, enter '10' and skip to item 6 below.)

b. Were you able, or do you expect to be able, to fill all these positions?

Yes No

If 'no', please indicate which specialties you are unable to fill:

5a. What were the two most important sources of qualified applicants for faculty positions? Rank in order using *1' for the most
important source, "2' for the second most important source.

New doctorate recipients coming from U.S. institutions
New doctorate recipients coming from non-U.S. institutions
Doctorate-holders coming from U.S. industry (with research and development experience)
Doctorate-holders coming from foreign industry (with research and development experience)
Faculty coming from other U.S. institutions
Faculty coming from other departments at the same institution
Doctorate-holders coming from U.S. postdoctoral appointments
Doctorate-holders coming from foreign postdoctoral appointments
Other (explain)

b. Approximately what proportion of the qualified applicant pool did not have U.S. citizenship? %

6. Headcount of doctoral students in the program in A, 1983 -84, by citizenship:

U S citizens non-U.S. citizens

7. Are there significant differences in the background and experience of the U.S. and non-U.S. doctoral students that must be
addressed as part of the program?

Yes No (If yes, please explain; use back of page if necessary.)

Thank you for your cooperation. Please keep a copy of this form for your records. Please return all completed forms by July 6, 1984,
either to your HEP representative or to:

Higher Education Panel
American Council on Education Person completing form
One Dupont Circle, Suite 829
Washington. D.C. 20036

Department/telephone



(DESCRIBE PROGRAMS WITHIN THE COLLEGE OF ENGINEERING ONLY.)

IV. C. MANUFACTURING (including similar titles).

1. Area of specialization

2. Natfie of engineering department or unit responsible for this program

3. Number of facultyheadcount and full-time-equivalent in AY 1983 84 in this program, by acadomic rank. Of these, how
many did not receive their bachelor's degree in the U.S.?

Non-U.S.
Total Bachelor's Deane

Headcount FTE Headcount FTE

Professor

Associate professor

Assistant professor

Other ranks

Include only regular faculty with 1M-time ap-
pointments at your institution. Please provide both
the total headcount of faculty, Irrespective of their
level ceInvolvement in the program as well as the
fultinieiquivalent nips program.

?acuity not pert of the Collep of loigineering
rosy be included if Curbs:vs a =Or Involvemmit in
the program and MECUM in a manner similar to
the faculty of the College cf Engineering.

4a. How many faculty recruitments were in progress or completed during AY 1983-84 for this program, irrespective of the
proposed year of employment? (Include all regular faculty recruited as full-time for the institution even if only part-time for
this program.)

(If none, enter '0' and skip to item 6 below.)

b. Were you able, or do you expect to be able, to fill all these positions?_ Yes _ No

If 'no', please indicate which specialties you are unable to fill:

5a. What were the two most important sources of qualified applicants for faculty positions? Rank in order using '1' for the.most
important source, '2' for the second most important source._ New doctorate recipients coming from U.S. institutions_ New doctorate recipients coming from non-U.S. institutions

_ Doctorate-holders coning from U.S. industry (with research and development experience)
_ Doctorate-holders coming from foreign industry (with research and development experience)

Faculty coming from other U.S. institutions_ Faculty coming from other departments at the same institution_ Doctorate-holders coming from U.S. postdoctoral appointments
_ Doctorate-holders coming from foreign postdoctoral appointments

Other (explain)

b. Approximately what proportion of the qualified applicant pool did not have U.S. citizenship? _ %
6. Headcount of doctoral students in the program in AY 1983-84, by citizenship:_ U S citizens _ non-U.S. citizens

7. Are there significant differences in the background and experience of the U.S. and non-U.S. doctoral students that must be
addressed as part of the program?_ Yes _ No (If yes, please explain; use back of page if necessary.)

Thank you for your cooperation. Please keep a copy of this form for your records. Please return all completed forms by July 6,1984,
either to your HEP representative or to:

Higher Education Panel
American Council on Education
One Dupont Circle, Suite 829
Washington, D.C. 20036

Person completing form

Departmentitelephone



(DESCRIBE PROGRAMS WITHIN THE COLLEGE OF ENGINEERING ONLY.)

IV. D. MATERIALS (including similar titles).

1. Area of specialization

2. Name of engineering department or unit responsible for this program

3. Number of facultyheadcount and full-time-equivalent in AY 1983-84--in this program, by academic rank. Of these, how
many did not receive their bachelor's degree in the U.S.?

Non-U.S.
Total Wu home

Headcount FTE Headcount M
Professor

Associate professor

Assistant professor

Other ranks

Include only regular faculty with fu/1-tune ap-
pointments at your instautioa Mesas provide both
the total headcount d funk, Irrespective of their
level of involvement m the Program, es wog as the
full-time-equivalent in the program.

Faculty not part of the College 41 Engineering
may be included if they have a major involvement in
the program sad inaction in a =maw similar to
the faculty of the College of Engineering_

4a. How many faculty recruitments were in progress or completed during AY 1983-84 for this program, irrespective of the
proposed year of employment? (Include all regular faculty recruited as full-time for the institution even if only part-time for
this program.) _ (If none, enter '0' and skip to item 6 below.)

b. Were you able, or do you expect to be able, to fill all these positions?_ Yes _ No

If 'no', please indicate which specialties you are unable to fill:

5a. What were the two most important sources of qualified applicants for faculty positions? Rank in order using 1* for the most
important source, '2* for the second most important source.

New doctorate recipients coming from U.S. institutions
New doctorate recipients coming from non-U.S. institutions_ Doctorate-holders coming from U.S. industry (with research and development experience)_ Doctorate-holders coming from foreign industry (with research and development experience)
Faculty coming from other U.S. institutions
Faculty coming from other departments at the same institution
Doctorate-holders coming from U.S. postdoctoral appointments_ Doctorate-holders coming from foreign postdoctoral appointments_ Other (explain)

b. Approximately what proportion of the qualified applicant pool did not have U.S. citizenship?

6. Headcount of doctoral students in the program in AY 1983-84, by citizenship:

U S citizens _ non-U.S. citizens

7 Are there significant differences in the background and experience of the U.S. and non-U.S. doctoral students that must be
addressed as part of the program?_ Yes _ No .(If yes. please explain; use back of page if necessary.)

Thank you for your cooperation. Please keep a copy of this form for your records. Please return all completed forms by July 6, 1984,
either to your HEP representative or to:

Higher Education Panel
American Council on Education Person completing form
One Dupont Circle. Suite 829
Washington. D.C. 20036

Departmentlelephone

6Elesaimirimar 11...+"-
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(DESCRIBE PROGRAMS WITHIN THE COLLEGE OF ENGINEERING ONLY.)

IV. E. MICROELECTRONICS (including similar titles).

1. Area of specialization

2. Name of engineering department or unit responsible for this program

3. Number of facultyheadcount and full-time-equivalent in AY 1983-84--in this program, by academic rank. Of these, how
many did not receive their bachelor's degree in the U.S.?

tion-U.S.
Total Bachelor: Devoe

Professor

Associate professor

Assistant professor

Other ranks

Hudcount FTE Headcount FTE

Include on NOW thouly with tlall-nine ap-
pointments sty= Institution. Plume provide both
the total hoodoo= of Sou* irrespetztve of their
level ct invotworoont In the program, as well as the
fulltme-equtvalent in the program.

boob/ not pert of the Calkege cl itipasainit
inartaintheledffthey have emelortnyolvoroontin
the program and Amnon III AL =MINT similar to
the fsoulizr ct the College of Bbigineering.

4a. How many faculty recruitments were in progress or completed during AY 1983-84 for this program, irrespective of the
proposed year of employment? (Include all regular faculty recruited as full-time for the institution even if only part-time for
this program.) _ (If none, enter "0" and skip to item 6 below.)

b. Were you able, or do you expect to be able, to fill all these positions?_ Yes _ No
If 'no', please indicate which specialties you are unable to fill:

5a What were the two most important sources of qualified applicants for faculty positions? Rank in order using '1' for the most
important source, '2' for the second most important source.

_ New doctorate recipients coming from U.S. institutions_ New doctorate recipients coming from non-U.S. institutions_ Doctorate-holders coming from U.S. industry (with research and development experience)_ Doctorate-holders coming from foreign industry (with research and development experience)_ Faculty coming from other U.S. institutions
Faculty coming from other departments at the same institution_ Doctorate-holders coming from U.S. postdoctoral appointments_ Doctorate-holders coming from foreign postdoctoral appointments_ Other (explain)

b. Approximately what proportion of the qualified applicant pool did not have U.S. citizenship? _ %

6. Headcount of doctoral students in the program in AY 1983-84, by citizenship:

U.S. citizens _ non-U.S. citizens

7. Are there significant differences in the background and experience of the U.S. and non-U.S. doctoral students that must be
addressed as part of the program?_ Yes _ No (If yes, please explain; use back of page if necessary.)

Thank you for your cooperation. Please keep a copy of this form for your records. Please return all completed forms by July 6, 1984,
either to your HEP representative or to:

Higher Education Panel
American Council on Education
One Dupont Circle, Suite 829
Washington. D.C. 20036

Person completing form

Departmentielephone
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(DESCRIBE PROGRAMS WITHIN THE COLLEGE OF ENGINEERING ONLY.)

F. ROBOTICS (including similar titles).

1. Area of specialization

2. Name of engineering department or unit responsible for this program

3. Number of facultyheadcount and full-time-equivalent in AY 1983-84in this program, by academic rank. Of these, how
many did not receive their bachelor's degree in the U.S.?

Non -U.S.
Total Bachelor's Dogrel

Hesocoeat FTE Hes Scowl FT!

Professor

Associate professor

Assistant professor

Other ranks

Include only regular faculty stub full-tline ap-
pointments at your instilution. Pima provide both
the total hseeksamt et faculty, irrespecittve of Metz,
level //Involvement in the program, as well as the
fulkinwelytvalent in the program.

Yeenly ns pert tit the College et Engineering
my be Included li Um hare a mayor involvement in
the program and function In a. manner =Mar to
the lenity of the Wisp of Engine

4a. How many faculty recruitments were in progress or completed during AY 1983-84 for this program, irrespective of the
proposed year of employment? (Include all regular faculty recruited as full-time for the institution even if only part-time for
this program.) _ (if none, enter 'V and skip to item 6 below.)

b. Were you able, or do you expect to be able, to fill all these positions?

Yes _ No

If 'no', please indicate which specialties you are unable to fill:

5a. What were the-two most important sources of qualified applicants for faculty positions? Rank in order using '1" for the most
important source, 'V for the-second most important source._ New doctorate recipients coming from U.S. institutions_ New doctorate recipients coming from non-U.S. institutions

_ Doctorate-holders coming from U.S. industry (with research and development experience)
_ Doctorate-holders coming from foreign industry (with research and development experience)_ Faculty coming from other U.S. institutions

Faculty coming from other departments at the same institution
Doctorate-holders coming from U.S. postdoctoral appointments
Doctorateholders coming from foreign postdoctoral appointments_ Other (explain)

b. Approximately what proportion of the qualified applicant pool did not have U.S. citizenship? _ °/0

6. Headcount of doctoral students in the program in AY 1983-84, by citizenship:

U.S. citizens _ non-U.S. citizens

7. Are there significant differences in the background and experience of the U.S. and non-U.S. doctoral students that must be
addressed as part of the program?

Yes _ No (If yes, please explain; use back of page if necessary

Thank you for your cooperation. Please keep a copy of this form foryour records. Please return all completed forms by July 6, 1984,
either to your HE representative or to:

Higher Education Panel
American Council or. Education
One Dupont Circle, Suite 829
Washington. D.C. 20036

Person completing form

Department/telephone



(DESCRIBE PROGRAMS WITHIN THE COLLEGE OF ENGINEERING ONLY.)

IV. G. OTHER

1. Area of specialization

2. Name of engineering department or unit responsible for this program

3. Number of facultyheadcount and full-time-equivalent in AY 1983-84in this program, by academic rank. Of these, how
many did not receive their bachelor's degree in the U.S.?

Non-U.S.
Total Bachelor's Degree

Headcount FTE Headcount FTE

Professor

Associate professor

Assistant professor

Other ranks

Include only regular faculty with fuli-time ap-
pointments at your institution. Please provide both
the total headcount cl faculty, irrespective of their
level of involvement in the program, as well sa the
dill-time-equivalent in the pr..)gram.

Faculty not part of the College of Engineering
maybe included if tbsy have a major involvement in
the program and function in a manner similar to
the facult7 of the College of Engineering.

4a. How many faculty recruitments were in progress or completed during AY 1983-84 for this program, irrespective of the
proposed year of employment? (Include all regular faculty recruited as full-time for the institution even if only part-time for
this program.)

(If none, enter '0* and skip to item 6 below.)

b. Were you able, or do you expect to be able, to fill all these positions?_ Yes No

If *no', please indicate which specialties you are unable to fill:

5a. What were the two most important sources of qualified applicants for faculty positions? Rank in order using '1" for the most
importerit source, "2* for the second most important source._ New doctorate recipients coming from U.S. institutions

N :N/ doctorate recipients coming from non-U.S. institutions
Doctorate-holders coming from U.S. industry (with research and development experience)
Doctorate- herders coming from foreign industry (with research and development experience)
Faculty coming from other U.S. institutions
Faculty coming from other departments at the same institution_ Doctorate-holders coming from U.S. postdoctoral appointments
Doctorate - holoers coming from foreign postdoctoral appointments_ Other (explain)

b. Approximately what proportion of the qualified applicant pool did not have U.S. citizenship? _ %

6. Headcount of doctoral students in the program in AY 1983-84, by citizenship:

U S citizens _ non-11.S. citizens

7. Are there significant differences in the background and experience of the U.S. and non-U.S. doctoral students that must be
addressed as part of the program?_ Yes _ No (If yes, please explain; use back of page if necessary.)

Thank you for your cooperation. Please keep a copy of this form for your records. Please return all completed forms by July 8,1984,
either to your HEP representative or to:

Higher Education Panel
American Council on Education
One Dupont Circle, Suite 829
Washington, D.C. 20036

Person completing form

Department/telephone



APP IX B: METHODS SUMMARY

The Higher Education Panel forms the basis of an
ongoing survey research program created in 1971 by
the American Council on Education. Its purpose is to
conduct specialized surveys on topics of current pol-
icy interest to the higher education community and to
government agencies.

The Panel is a disproportionate stratified sample of
1,040 colleges and universities, divided into two half-
samples of 520 institutions each. Institutions were
drawn from the more than 3,200 colleges and univer-
sities listed in the National Center for Education Sta-
ti3tics' Education Directory, Colleges and Univer-
sities. All institutions in the population are grouped
according to the Panel's stratification design, which is
based primarily upon institution type (doctorate-
granting, comprehensive, baccalaureate, specialized,
two-year academic or occupational), control (public,
private), and size (full-time-equivalent enrollment).
For any given survey, either the entire Panel or an
appropriate subgroup is used.

The survey operation is dependent upon a network
of campus representatives who, through their presi-
dents, have agreed to participate. The representatives
receive the Panel questionnaires and direct them to
the most appropriate campus officials for response.

The survey instrument (see Appendix A) was
mailed on June 13, 1984, to 135 Panel institutions
which, dm ing 1981-82, awarded at least one docto-

rate degree in engineering. Only seven institutions in
the eligible population of 142 were not in the Panel
and, consequently, were not sent the survey instru-
ment.

In the first section of the instrument, engineering
deans were asked tc provide summary information
about the number and kind of emerging program areas
in which their engineering college offers, or plans to
offer, a doctoral program. In the second section, indi-
vidual program heads were asked detailed questions
about number and rank of faculty, recruitments and
sources of applicants for faculty positions, and the
number and citizenship status of doctoral students in
the program for each emerging area.

After mail and telephone follow-ups were com-
pleted, substantive data were received from 96 in-
stitutions, for a response rate of 78 percent. (Of the
originally defined survey population of 142, 19 in-
stitutions reported no activity in any of the emerging
areas under study, reducing the population to 123).
Data from the 96 responding Panel institutions were
statistically adjusted to represent the national popu-
lation of 123 colleges and universities that award
engineering doctorate degrees and offer doctoral pro-
grams in emerging areas.

The technical notes (Appendix C) contain a de-
scription of the weighting methodology and a com-
parison of respondents and nonrespondents.

APPENDIX C: TECHNICAL NOTES

The survey population for this study was defined as
the doctorate-granting colleges of engineering that
offered doctoral programs in the emerging areas.
There were, in total, 142 schools awarding Ph.D.'s in
engineering. Of these, 135 were Panel members and
seven were not. Of the 135 Panel members, eighteen
schools did not have programs in the emerging areas.
Of the 117 remaining Panel institutions, 96 respond-
ed to the survey. The seven institutions which were
not Panel members were contacted by phone: one did
not have any programs in emerging areas; six did.
'rinse six institutions as well as 21 Panel institutions
which did not respond to the survey were treated as
non-respondents. Thus, substantive data were re-
ceived from 78 percent of the institutions in the total
population of 123.

<
Non-Response Adjustment
Procedure

The Higher Education Panel's (HEP) stratification
design divides institutions by size (full-time equiv-
alent enrollment), control (public, private), and type
(doctoral-granting, comprehensive, baccalaureate,
specialized, two-year academic or occupational). For
purposes of non-response adjustment, within the
HEP stratification design by type and control of in-
stitutions, post-stratification by number of engineer-
ing doctorates was used within two of the original
HEP strata; all other engineering doctorate-granting
institutions were simply grouped by control as shown
in table C-1 below. The post-stratification grouping
was judged to produce a more accurate non-response
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adjustment procedure because institutions within
groups, by number of engineering degrees awarded,
are likely to be more homogeneous than when treated
as an overall class.

The survey responses were weighted using the non-
response adjustment weights (as shown in table C-1)
to calculate estimates for all doctorate-granting col-
leges of engineering that offered doctoral programs in
emerging areas. No est:mates of sampling error were
computed because the entire population of institu-
tions was involved, given the manner of adjustment
for non-response; the procedure implied that no sam-
pling process wss involved.

TABLE C-1: Post-stratification Groupings

Type of
Cell Institution

Non-response
Adjustment

Population Respon,'int Factor

HEPpublic
doctorate-
granting:

01 Granting 40
Or more
engineering
doctorates

02 Granting
10-39 engi-
neering
doctorates

03 Granting 1-9
engineering
doctorates

HEPprivate
doctorate-
granting:

04 Granting 25
or more en-
gineering
doctorates

05 Granting
10-24
engineering
doctorates

06 Granting 1-9
engineering
doctorates

07 HEPAll
other
public

08 HEPAll
other
private

Totals

9 5 1.800

36 33 1.091

22 18 1.222

12 7 1.583

10 7 1.429

11 9 1.222

16 12 1.333

7 5 1.400
123 96

40

Comparison of Respondents and
Nonrespondents

Thble C-2 compares survey respondents and non-
respondents and presents the non-response rates on
the basis of several variables. Higher than average
response rates were recorded for public institutions
and those in the South. Institutions in the East and
West had lower than average response rates.

TABLE C-2: Response Rates and Se.ected Characteristics
of Respondents and Nonrespondents

(In percentages)

Institutional
Characteristic

Respon- Non- Response
dents respondents Rate

Total 100.0 100.0 78.0

Control
Public 70.8 55.6 81.9
Private 29.2 44.4 70.0

Region
East 21.9 37.0 67.7
South 33.3 18.5 86.5
Midwest 26.0 22.2 80.6
West 18.8 22.2 75.0

Top 50 based on Ph.D
degrees conferred 37.5 37.0 78.3

Top 50 based on
research expenditures 36.5 51.9 71.4
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